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INTRODUCTION
C r e a t i n i n e ( C r e a t ) , b e i n g a n a t u r a l m e t a b o l i t e of c r e a t i n e , i s an i m p o r t a n t b i o l i g a n d . The p r e s e n c e of s e v e r a l donor groups i n i t s main t a u t o m e r i c forms d e t e r m i n e s i t s s t r o n g c o o r d i n a t i o n c a p a c i t y . R e c e n t l y i t s complexation
H a b i l i t y towards a number of m e t a l i o n s : A g ( I ) , H g ( I I ) , C d ( l I ) , Z n ( I I ) , C o ( I I ) , N i ( I I ) , C u ( I I ) , P t ( I I ) , P d ( I 1 ) w a s s t u d i e d ( r e f . 1 -1 1 ) . The e x p e r i m e n t a l d a t a o b t a i n e d up t o now by u s and o t h e r a u t h o r s show t h a t t h e complexation a b i l i t y of t h e l i g a n d and t h e type of t h e complexes formed s t r o n g l y deperid oil t h e r e a c t i o n c o n d i t i o n s . That w a s confirmed, f o r example, i n the c a s e o f C u ( I 1 )
( r e f , 2 , h ) and P t ( I 1 ) complexes ( r e f , 7 , 8 , 1 0 , 1 1 ) o b t a i n e d from w a t e r s o l ut i o n s . R e c e n t l y we have showxi t h a t N i ( I 1 ) -c r e a t i n i n e complexes a r e formed o n l y i n nonaqueous medium ( r e f . 9 ) .
On t h e o t h e r hand i n t h e c o u r s e of P t ( I 1 ) -c r e a t i n i n e i n t e r a c t i o n r e d o x proc e s s e s t a k e p l a c e t o o , r e s u l t i n g i n f o r m a t i o n o f paramagnetic s p e c i e s of t h e type of "Platinum Blues" ( r e f . 7,8).
Numerous e x p e r i m e n t a l d a t a a r e a v a i l a b l e i n t h e l i t e r a t u r e , showing on t h e s t r o n g i n f l u e n c e of t h e r e a c t i o n medium b o t h on complex f o r m a t i o n ( r e f . 1 2 ) and r e d o x r e a c t i o n s w i t h m e t a l complexes ( r e f . 13) and e s p e c i a l l y on s t a b i l iz a t i o n of i n t e r m e d i a t e o x i d a t i o n s t a t e s -C r ( V ) , C u ( 1 ) e t c . ( r e f . 14-16). I t might be e x p e c t e d t h e r e f o r e f o r m a t i o n and s t a b i l i z a t i o n o f P t ( I I 1 ) t o be dependent b o t h on t h e r e a g e n t s and on t h e r e a c t i o n c o n d i t i o n s , h e r e i n c l u d i n g t h e r e a c t i o n medium on a f i r s t p l a c e .
I n t h e p r e s e n t p a p e r r e s u l t s c o n c e r n i n g t h e f o r m a t i o n of d i f f e r e n t P t ( I 1 ) and P t ( I I 1 ) complexes of c r e a t i n i n e o b t a i n e d a t d i f f e r e n t c o n d i t i o n s a r e r e p o r t e d .
SYNTHESIS AND STRUCTURE OF MONOMERIC Pt(ll) COMPLEXES
Complexes P t ( I 1 ) -c r e a t i n i n e a r e formed a s a r e s u l t o f P t ( I 1 ) i n t e r a c t i o n w i t h c r e a t i n i n e a t l i g a n d e x c e s s (L:M = 4 : l ) ( r e f . 7 , 9 , 1 0 ) . Two t y e s of comp l e x e s were o b t a i n e d : c h a r g e d P t ( C r e a t ) $ + and n e u t r a l c i~-P t ( C r e a t Y 2 ( N O~)~, d e p e n d i n g on t h e s t a r t i . n g P t ( I 1 ) s p e c i e s .
Complexation between Pt C1: -and creatinine
A t l i g a n d e x c e s s (L:M = 4) c r e a t i n i n e and PtC12-form a p o s i t i v e l y c h a r g e d complex, i s o f a t e d from t h e s o l u t i o n by p r e c i p i k a t i o n w i t h a l a r g e a n i o n s As u c h a s C104 or t e t r a p h e n y l b o r a t e (TPB). The a n a l y t i c a l d a t a have shown on t h e f o r m a t i o n o f P t ( C r e a t ) 4 A 2 .
X-ray d i f f r a c t i o n a n a l y s i s o f P t ( C r e a t ) ( C~O ) ( m o n o c l i n i c c r y s t a l s y s t e m , s p a c e ( y o u p C2/c) was performed ( r e f . 1 8 ) . Tke21igand p a r t i c i p a t e s i n t h e complex i n i t s amino form, t h e c o o r d i n a t i o n b e i n g r e a l i z e d o n l y t h r o u g h t h e e n d o c y c l i c n i t r o g e n . A s q u a r e p l a n a r c o o r d i n a t i o n i n r e s p e c t of t h e f o u r n i t r o g e n s (Pt--N d i s t a n c e 2.00 8 ) i s r e a l i z e d , p e r p e n d i c u l a r t o t h e PtN4 -p l a n e . The t i l t i n g a n g l e s r a n g e from 8 2 . 1 ( 8 ) 
I n c o n t r a s t t o d i p e r c h l o r a t e complex s a l t , P t ( c~? e a t ) & ( T P B )~ i s an "amorphous" s u b s t a r i c e . The s i m i l a r i t y i n t h e i r IH s p e c t r a i n d i c a t e s on s i m i l a r i t y i n t h e mode o f c o o r d i n a t i o n i n b o t h complex s a l t s . The I H d a t a o b t a i n e d ( T a b l e 1 ) p r o v i d e i i i f o r m a t i o n f o r t h e €1-boiiding i l l them. I n P t ( C r e a t ) 4 ( T P B ) 2 o n l y one t y p e o f 13-bond i s r e a l i z e d , namely hetween NH2 arid C=O p r o u p s , w h i l e i n -P t ( C r e a t ) , ( C l O 4 ) , , t h e a d d i t i o n a l iiatwork o f II-horids between XH2 and C10 l e a d s t o %he a p p i a r e n c e of two c o u p l e s o f barids f o r t h e NI12 s t r e t c h i n g Ifsymm e t r i c and a s y m m e t r i c ) v i b r a t i o n s wid two barids f o r t h e NH2 b e n d i n g v i b r at i o n s ( r e f . 1 7 ) . E v i d e n t l y t h e 13-bond f o r m a t i o n i s r e s p o n s i b l e for t h e c r y s -
t a l l i n e s t r u c t u r e o f P t ( C r e a t ) 4 ( C 1 0 4 ) 2 i n c o n t r a s t t o P t ( C r e a t ) 4 ( T P B ) 2 .
t h e l i g a n d p l a n e s b e i n g a l m o s t TABLE 1 . S e l e c t e d I l l d a t a f o r t h e P t ( I 1 ) complexes
C r e a t P t (Cre a t )4 ( T P H )~ P t re a t ) ( ~1 0~) I t s h o u l d be mentioned t h a t a n a l o g o u s e l e e n t a l and I R s p e c t r a l d a t a were o b t a i n e d f o r t h e c o r r e s p o n d i n g Pd(Creat):+ complexes t o o ( r e f . 1 0 ) .
Complexation between Pt(N02)d2-and creatinine
Using Pt(N0 as a s t a r t i n g P t ( I 1 ) compound n e u t r a l , low s o l u b l e complex cis-Pt(Crea$]:(N02)2 w a s s y n t h e t i z e d a s a c r y s t a l l i n e powder of m o n o c l i n i c c r y s t a l system, space group P21/n. The s t r u c t u r e of t h e complex as w e l l as t h e p a c k i n g i n t h e u n i t c e l l a r e a l r e a d y d e s c r i b e d i n d e t a i l ( r e f . 1 1 ) .
I n t h i s c a s e c r e a t i n i n e a g a i n a c t s as monodentate l i g a n d , p r e s e n t i n i t s amino form and c o o r d i n a t e d through t h e e n d o c y c l i c N-atom. S q u a r e -p l a n a r PtN c o o r d i n a t i o n of two c i s -d i s p o s e d NO -groups ft-NaV 2.023 (7) 2) and two c r e a t i n i n e m o l e c u l e s (Pt-N 2 1 . 9 9 1 ( 8 ) ) is r e a l i z e d . The c r e a t i n i n e r i n g s a r e p l a n a r and t i l t e d ( % d ? h g v e q u a t o r i a l p l a n e b y 80'. S t u d y i n g t h e p a c k i n g o f molecules i n t h e u n i t c e l l i t w a s e s t a b l i s h e d t h a t s e v e r a l t y p e s of H-bonds a r e formed ( i n c l u d i n g NH2, C=O and NO ) t h u s s t a b i l i z i n g t h e s t r u ct u r e by a t h r e e -d i m e n s i o n a l network of H-bonds. $he I R d a t a o b t a i n e d a r e i n agreement w i t h t h e s e r e s u l t s ( T a b l e 1 ) . The f o r m a t i o n of t h i s network i s most p r o b a b l y r e s p o n s i b l e n o t onLy f o r t h e c r y s t a l s t r u c t u r e of t h e complex b u t f o r i t s low s o l u b i l i t y as w e l l .
The a n a l y s i s of H-bonds formed i n d i c a t e s on u n u s u a l f u n c t i o n of t h e amino group. I t a c t s as a normal H-bond donor through one of i t s H-atoms i n an i nt r a m o l e c u l a r H-bond w i t h t h e carboriyl oxygen, and through t h e second H-atom -i n an i n t e r m o l e c u l a r If-bond w i t h oxygen from NO2. I n t h e same time t h e n i t r o g e n of the MI2 group s e r v e s a s €I-atom a c c e p t o r i n i t s i n t e r a c t i o n w i t h a n o t h e r NII
The c r y s t a l l o g r a p h i c d a t a show on d i f f e r e n c e between N A d i s t a n c e s i n t h e NO groups (N-0
1 . 2 4 ( 1 ) 8, while Nl-0'
1 . 2 1 ( 1 ) a ) , t o g e t h e r w i t h change i n t h g i r t i l t i t i l l ; t o t h e PtN4-plane ( 8 3 . l o / 4 1 . 6 0 ) . These d i f f e r e n c e s a r e most p r o b a b l y due t o t h e rion-equal p a r t i c i p a t i o n i n t h e H-bond network r e a l i z e d i n t h e c r y s t a l s t r u c t u r e . 
INTERACTION

By means of EPR s p e c t r o s c o p y i t w a s found t h a t i n t h e c o u r s e of P t ( I 1 ) -c r e at i n i n e i i i t e r a c t i o n p a r a m a c n e t i c s p e c i e s a r e formed g i v i n g r i s e of a broad
s i i i g l e t ( e = 2 . 5 2 2 0.01 a t 7710, a s s i g n e d t o P t ( l I 1 ) s p e c i e s . A t l i g a n d
e
x c e s s , howev r l t h e s e s p e c i e s a r e n o t s t a b i l i z e d and t h e r e a c t i o n r e s u l t s i n P t ( C r e a t ) , & of P t ( I I 1 ) and the p o s s i b i l i t i e s f o r i t s s t a b i l i z a t i o n t h e r e a c t i o n was s t ud i e d a t lower L:M r a t i o s , A t L:M = 1 : 1 a b l u e c o l o u r developed s e v e r a l h o u r s a f t e r mixirig t h e r e a g e n t s (new bands a t 560, 680, 750, 1200 and 1500 nm were observed i n t h e s p e c t r u m ) . The r e a c t i o n m i x t u r e t h u s o b t a i n e d e x h i b i t s a n i s ot r o p i c EPR spectrum ( g l = 2 . 5 4 , g , , = 1.98 a t 77K). These d a t a a r e s i m i l a r t o t h o s e of o t h e r paramagnetic "Platinum Blue" complexes ( r e f . 1 8 ) . P o l a r o g r ap h i c and ESCX measurements were performed t o o . Both t h e v a l u e s of b i n d i n g
e n e r g i e s f o r P t 4 f 7 3 . 5 ( 2 ) and 7 4 . 6 ( 2 ) eV and half-wave p o t e n t i a l s 180 arid 380 mV ( P t woriEla ng e l e c t r o d e and SCE a s a r e f e r e n c e ) a r e t y p i c a l f o r mixed P t ( I I ) / P t ( I I I ) complexes of "Platinum Blue" type ( r e f . 1 9 , 2 0 ) . 
! 2+ f o r m a t i o n a s d e s c r i b e d above. I n o r d e r t o s t u d y t h e f o r m a t i o n
S e v e r a l d a y s a f t e r mixing t h e r e a g e n t s (L:M = 1 : 1 ) t h e EPR spectrum of t h e system i n d i c a t e s on t h e e x i s t e n c e o f a t l e a s t t h r e e paramagnetic s p e c i e s . I n t h e same time a b l u e paramagnetic p r e c i p i t a t e i s formed s p o n t a n e o u s l y i n t h e r e a c t i o n c o u r s e . Adding l a r g e a n i o n s (AsF6-or PF6-) and c a t i o n s (AsPhq' O r PPh4+) t o t h e r e a c t i o n m i x t u r e , p o s i t i v e l y and n e g a t i v e l y charged paramagnet i c p l a t i n u m complexes were i s o l a t e d r e s p e c t i v e l y . The f o r m a t i o n of a t l e a s t t h r e e o l i g o m e r complex s p e c i e s was a l s o confirmed by means of HPLC ( g e l f i lt r a t i o n ) .
The PtC14 -c r e a t i n i n e i n t e r a c t i o n a t molar r a t i o 1 : 1 w a s f o l l o w e d s p e c t r op h o t o m e t r i s g l l y a t 333, t i a l PtC14 and t h e complex s p e c i e s formed a r e l o c a t e d . The a c i d i t y o f t h e s o l u t i o n i n t h e r e a c t i o n c o u r s e was monitored too. The r e s u l t s o b t a i n e d a r e r e p r e s e n t e d on F i g . 1 .
It can be s e e n t h a t t h e f o r m a t i o n of " P l a t i n u m Blue" complexes i s connected w i t h s i g n i f i c a n t d e c r e a s e of pH, changing from pH 6 a t t h e b e g i n n i n g t o pH 3 a t t h e end of t h e r e a c t i o n . I n t h e same time the k i n e t i s d a t a show t h a t t h e new a b s o r p t i o n bands i n c r e a s e t h e i r i n t e n s i t y most of a l l a f t e r t h e change i n t h e a c i d i t y . The s u b s t i t u t i o n of w a t e r a s r e a c t i o n medium with D 0 l e a d s t o a marked d e c r e a s e of t h e r e a c t i o n r a t e ( F i g . 2) . The k i n e t i c i s o $ o y i c e f f e c t might be connected e i t h e r w i t h N-H bond c l e a v a g e or w i t h p a r t i c i p a t i o n of w a t e r i n t h e r a t e -l i m i t i n g s t e p o f t h e p r o c e s s s t u d i e d . It m u s t be emphasized t h a t i n t h e absence of oxygen ( i n argon atmosphere) t h e r e a c t i o n r a t e d e c r e a s e s s e v e r a l times and a change of t h e r e a c t i o n p r o d u c t s i s observed.
2-
560 and 680 nm where t h e a b s o r p t i o n bands of t h e i n i -F i g . 2. K i n e t i c i s o t o p i c e f f e c t . Time dependence of absorbance 2-of t h e system PtC14 -C r e a t (L:M = 1 : l ) i n H20 and D 2 0
I n o r d e r t o s t u d y t h e i n f l u e n c e of t h e a c i d i t y on t h e r e a c t i o n , i t w a s p e rformed a t d i f f e r e n t i n i t i a l pH-values, It was found t h a t depending on t h e a c i d i t y d i f f e r e n t s p e c i e s a r e o b t a i n e d .
The r e s u l t s a r e summarized i n Table 2 , where the pH-values a t t h e b e g i n n i n g and t h e end of t h e r e a c t i o n a r e shown. I n t h e pH-range 10.0 -7.0 t h e r e a c t i o n p r o c e e d s s l o w l y w i t h t h e f o r m a t i o n of v i o l e t paramagnetic s p e c i e s . I n a c i d i c media i t goes on f a s t e r w i t h d i f f er e n t " P l a t i n u m Blues" a s f i n a l p r o d u c t s . Thus a t l o w e r pH-values two g r e e n paramagnetic complexes a r e formed. The one, i s o l a t e d a t pH 2.4 shows a m u l t ip l e t EPR s i g n a l w i t h gL > g,! , w h i l e f o r t h a t , o b t a i n e d i n more a c i d i c medium (pII 1 . 4 ) t h e r e v e r s e p o s i t i o n g,,) g, w a s o b t a i n e d . I n s t r o n g e r a c i d i c s o l ut i o n (pH 0 . 3 -0 . 9 ) o n l y d i a m a g n e t l c y e l l o w complex i s formed. I t m u s t be emphas i z e d t h a t when b u f f e r s o l u t i o n s w i t h pl1 8.0 (ammonia) and 7.2 (HEPES) were u s e d , no r e a c t i o n t a k e s p l a c e at a l l i n t h e system.
I f t h e r e a c t i o n i s c a r r i e d o u t w i t h o u t any a c i d i t y c o r r e c t i o n s i n t h e system ( i n i t i a l p H d 6 , f i n a l p H e 3 ) s e v e r a l b l u e compounds a r e formed i n t h e s o l ut i o n , s e p a r a t e d by means of r e v e r s e phase HPLC. These i n c l u d e n e u t r a l s p e c i e s p r e c i p i t a t e d s p o n t a n e z u s l y a f t e r s e v e r a l d a y s , p o s i t i v e l y charged, p r e c i p it a t e d by AsF -or PFg
The EPR specerum o f t h e n e g a t i v e l y charged complex, p r e c i p i t a t e d by AsPhq' i n d i c a t e s t h a t the complex i s an o l i g o m e r w i t h more t h a n f o u r p l a t i n u m atoms i n t h e c h a i n , t h e i r number b e i n g most p r o b a b l y s i x ( F i g . 3 ) .
and n e g a t i v e l y c h a r g e d , s e p a r a r e d w i t h AsPh4 O r PPh4+* Fig. 3 . EPR spectrum of t h e b l u e complex p r e c i p i t a t e d by AsPh4'
A f t e r t h e a d d i t i o n o f t h e l a r g e c a t i o n AsPh4' and t h e f i l t r a t i o n of t h e b l u e p r e c i p i t a t e , t h e pH-value i s ahout 2.4. A f t e r one day i n t h i s s o l u t i o n g r e e n paramacne t i c c r y s t a l s a r e formed. The s t r u c t u r e of t h i s complex w a s s t u d i e d u s i n g X-ray d i f f r a c t i o n a n a l y s i s , The p r e l i m i n a r y d a t a o b t a i n e d show on t h e f o r m a t i o n of monomeric complex ( m o n o c l i n i c c r y s t a l system, c o n t a i n i r i e one c r e a t j n i n e m o l e c u l e , t h r e e c h l o r i d e i o n s and one c o u n t e r i o n space group P Z~ ) ,
I n o r d e r t o check t h e a s s u m p t i o n f o r w a t e r p a r t i c i p a t i o n i n t h e r e a c t i o n c o u r s e , t h e P t C l 2'-creatinine r e a c t i o n w a s s t u d i e d i n nonaqueous media: i n a c e t o n i t r i l e (An?, a b s o l u t e m e t h a n o l , e t h a n o l , m e t h y l a c e t a m i d e (MAA) , HMPA, DMF and DMSO. S t u d y i n g t h e e l e c t r o n i c s p e c t r a o f t h e r e a c t i o n system i t w a s e s t a b l i s h e d t h a t i n anhydrous s o l v e n t s no i n t e r a c t i o n took p l a c e between t h e r e a g e n t s . I n t h e p r e s e n c e o f s m a l l amounts o f w a t e r , however, r e d o x and comp l e x a t i o n p r o c e s s e s o c c u r e d , r e s u l t i n g i n d i f f e r e n t r e a c t i o n p r o d u c t s . I n DMF and DMSO o n l y d i a m a g n e t i c y e l l o w s p e c i e s i s formed, showing i n t e n s e a b s o rbance a t 335 nm, w h i l e i n An f o r m a t i o n o f b l u e p a r a m a g n e t i c p r o d u c t i s obs e r v e d , a b s o r b i n g a t 520 and 740 nm. It s h o u l d be m e n t i o n e d , however, t h a t t h e p a r a m a g n e t i c s p e c i e s formed i n t h e s e c o n d i t i o n s c o u l d n o t be s t a b i l i z e d . I n c o n t r a s t t o w a t e r s o l u t i o n s where k i n e t i c a l l y s t a b l e p a r a m a g n e t i c complex e s a r e o b t a i n e d , t h e c o n c e n t r a t i o n of t h e b l u e p a r a m a g n e t i c s p e c i e s formed i n An s l o w l y d e c r e a s e d and a f t e r a week was v e r y low, I n water-methanol medium ( 1 : 2 v/v) a r e d d i a m a g n e t i c p l a t i n u m complex w a s o b t a i n e d , a b s o r b i n g a t 390 and 580 nm.
